1. In order to conserve threatened species, knowledge of the status, trends and trajectories of populations is required. Co-ordinating collection of these data is challenging, especially for inconspicuous species such as the hazel dormouse Muscardinus avellanarius. 2. The UK National Dormouse Monitoring Programme (NDMP) is comprised of nest box recording schemes organised by volunteers. The number, size, and coverage of these schemes has varied over time. Such changes risk conflation of genuine population trends with covarying artefacts, including survey effort and expansion into sites of variable quality. 3. We provide a robust analysis of count data from 400 NDMP sites from 1993 to 2014 and demonstrate that changes in counts are not an artefact of survey characteristics. In relation to the International Union for Conservation of Nature (IUCN) Red List criteria, we conclude that dormouse counts in nest boxes are an index of abundance appropriate to the taxon and allow the inference of population reduction of 72% (95% confidence intervals 62-79%) over the 22 years from 1993 to 2014, equivalent to a mean annual rate of decline of 5.8% (4.5-7.1%). This decline is ongoing. 4. We highlight difficulties in assigning an IUCN Red List conservation category to a population, given variation in apparent trends over consecutive time-periods. In eight out of 13 sliding window intervals of 10 years from 1993 to 2014, the 95% confidence intervals overlap a decline of 50%. While average population decline over 10-year periods suggests that the hazel dormouse should be classified as Vulnerable, a precautionary approach would not rule out the category of Endangered in the United Kingdom, given the lower bounds of population change estimates, the mean annual rate of decline and ongoing decline.
INTRODUCTION
The hazel dormouse Muscardinus avellanarius is a European Protected Species, is listed under Annex IV of the European Habitats Directive (1992) , and is afforded protection under the UK Habitats Regulations (1994; Bright et al. 2006) . The dormouse has been a UK Biodiversity Action Plan Priority Species since 1997 (Anonymous 2007) . While its category in the International Union for Conservation of Nature (IUCN) Red List and European Regional Assessment is Least Concern, the species account states that in parts of its northern range, such as the UK, it is in decline, and there is cause for concern in these regions (Hutterer et al. 2016) . As populations in the UK are isolated from conspecifics in the rest of Europe, regional classification is appropriate and useful .
Monitoring the hazel dormouse is especially important, as its public appeal means that it has frequently been adopted as a flagship species for conservation and management of woodland habitats (Morris 2003) . The hazel dormouse can act as an indicator species for certain woodland habitats as it is thought to require areas with high plant species diversity and complex habitat structure (Bright 1996 , Ehlers 2012 . The dormouse functions as a suitable indicator in part because it appears to be sensitive to habitat loss and fragmentation (Bright et al. 1994 , Amici et al. 2015 . Hazel dormice also have the potential to be affected by changing climate through variation in both summer and winter temperatures leading to alterations in activity patterns, survival rates and indirect effects on the phenology of food plants (Bright & Morris 1996 , Greaves et al. 2006 , Reiners et al. 2012 . Indeed, climate change has been cited as a reason for particular concern over the status of the hazel dormouse in the UK (Anonymous 2010) . It has been shown that hazel dormice respond to conservation interventions differently at different sites (Bright & Morris 1990) and are sensitive to annual fluctuations in weather and food availability (Juškaitis 2008) . Studies of population characteristics at single sites in the UK have revealed declining populations (Harris et al. 2015) . This stresses the need for long-term studies of populations at multiple sites and at a large scale.
In order to make conservation and management decisions for species of conservation concern, such as the hazel dormouse, it is essential to understand the current status, recent changes and trajectory of populations. Tapping into the resources of time and effort offered voluntarily by members of the public enables the collection of large amounts of environmental data at low cost over large areas (Bonney et al. 2009 ) as well as providing wider engagement and education benefits to participants and communities (Tulloch et al. 2013) . Such data collection by volunteers for research and conservation monitoring, or 'citizen science', is a rapidly growing field (Savan et al. 2003 , Silvertown 2009 , Bonney et al. 2014 , Burgess et al. 2016 , Kullenberg & Kasperowski 2016 . It is often difficult, however, to forecast or secure the resources necessary to ensure data will be collected over extended time-frames (Hochachka 2007) , and there are concerns over ensuring the quality and consistency of data collected (Crall et al. 2011) . It is therefore important to assess them critically and consider the extent to which the data collected are robust and do not reflect artefacts of variable effort, protocols or scheme characteristics (Newman et al. 2003 , Reynolds 2012 . The accuracy or frequency of observations may decline or increase over time (Baillie 1990 , Link & Sauer 1997 , Greenwood 2007 , Matthiopoulos et al. 2014 . For example, apparent changes in populations of the quokka Setonix brachyurus (De Tores et al. 2007 ) and of the Montserrat oriole Icterus oberi (Hilton et al. 2003) could not be distinguished from changes in survey methodology. Similarly, if there is selective surveying of better quality sites earlier on in the scheme (Roy et al. 2007) , and more marginal sites are added to the programme as it expands, this could manifest itself in apparent declines in abundance. Conversely, if more is learnt about the distribution and requirements of the focal species as the scheme progresses, sites added later might contain better habitat (Gervasi et al. 2014) .
The National Dormouse Monitoring Programme (NDMP; initially the National Dormouse Monitoring Scheme) was set up in the late 1980s in order to monitor the status of the hazel dormouse in the UK. The NDMP expanded its total coverage from six sites in 1988, to 123 sites in 2000 and 387 sites in 2014 (White 2012, Appendix 5. Ongoing decline in the hazel dormouse population is despite a high level of species protection and widespread conservation measures. The hazel dormouse is a UK Biodiversity Action Plan Priority Species and a European Protected Species, and the causes of population reduction are not well understood and may not have ceased. An urgent appraisal of dormouse conservation is required to ensure the species' favourable conservation status.
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). It has therefore been subject to changes in the availability of sites, volunteers and funding and so controlling for variation in the conduct of the Programme is challenging (Johnson 2012 , Beirne & Lambin 2013 . Previous analysis of the NDMP data (Sanderson 2004 ) drew on a limited data set (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) and did not control for variation in survey characteristics, but extrapolated observations to infer declines in dormouse numbers of more than 50% over 25 years. Here, we have assessed population change in hazel dormice in the UK based on data from the NDMP, from 1993 to 2014. In order to determine the validity of apparent trends, we have examined whether different forms of variation in survey effort and sampling frames affect conclusions regarding the conservation status of the hazel dormouse in the UK.
Determination of the conservation status of a species, such as that defined by its IUCN Red List category, is highly influential as it can affect formal legislative protection of a species and is the basis upon which management decisions are made and prioritised . These classifications are often based on poor or patchy data or single measurements of population change and usually rely on decision thresholds , Keith et al. 2015 . However, population status is a continuum and, over time, it may move above and below decision thresholds for classification. Additionally, rates of population change do not always correlate with preceding or subsequent rates (Keith et al. 2015) and are intrinsically related to the time-frame over which change is measured, as more consistent long-term patterns of population change are less likely to be captured over shorter time-frames (Wilson et al. 2011 . Similarly, populations with high year-on-year variation ('process variation') and high sampling error are more likely to be subject to unrepresentative classification, as long-term population change is harder to quantify (Porszt et al. 2012 , Rueda-Cediel et al. 2015 , Holmes 2016 . Classification schemes such as the IUCN Red List must prescribe general rules for the categorisation of populations in order to achieve comparability and remain accessible, but in this generality they may miss population-specific measures, leading to misrepresentative classification (Akçakaya et al. 2011 , Clements et al. 2011 . It is therefore important to examine how populations are assessed and whether population assessments at different points in time provide consistent predictions of extinction risk. The large amount of data available for hazel dormouse populations in the UK, over longer time-frames and wider areas than is usually required or available for classification, can be used to highlight where conservation classification might fall down. Assessment of the coincidence of decline over different time-periods can show whether conservation assessment can lead to different classifications at different times (Keith et al. 2015) . Here, we have extended our analyses of dormouse population trends to evaluate the time-frames of IUCN Red List assessment and whether these reflect the change in populations over longer time-frames.
METHODS
Dormouse count data are collected at multiple sites throughout England and Wales (dormice are absent from Scotland and Northern Ireland) as part of the NDMP. Grids of dormouse nest boxes are set up on sites, and dormice are surveyed by licensed volunteers up to once a month from May to October, with at least one pre-breeding survey in May/June and one post-breeding survey in September/ October. Data are collected on the number of individuals found, their age-class, weight and sex, and data on the presence, numbers and weights of young are also recorded. Sites have been monitored for 1-27 years and have a variable number of boxes, from fewer than 10 to over 500. Please refer to the NDMP guidelines for a more detailed survey methodology (Anonymous 2014) .
In this analysis, data from 1988 to 1992 were excluded due to small numbers (n < 30) of survey sites, as our preliminary analyses showed these small samples led to inflated standard errors and year effects that could not reliably be distinguished from site effects. Sites that recorded no dormice or only one dormouse in the whole time the site was surveyed were also excluded, to avoid including sites where dormouse populations are not present and thereby wrongly inflating zero recordings. Thus, the trends identified are derived from analysis of 400 sites where more than one adult dormouse was recorded and which had been surveyed for at least 2 years, as these sites will have some detectable trend and any site effect can be separated in part from year or month effects. Sites that had been surveyed only once made up 1-4% of sites in nine of the survey years and were not represented in other years. As the sampling effort, i.e. the number of boxes available for counting, for each survey is known, these counts can be used as a relative index of population change over time on sites where dormice were found to be present (Giraud et al. 2016) .
Sites that had more than one survey section were grouped to reduce the non-independence of samples. The adult dormouse count was used, as dormice of different age classes were not consistently recorded and any young and juveniles have high winter mortality and are less likely to contribute to population-level trends (Juškaitis & Buchner 2013) . Data from all months of the survey season (from May to October) were included in order to prevent weather and other sources of between-month variation in counts having an undue impact on the broader trend. Spatial
Decline in dormouse populations autocorrelation was explored using generalised least squares (Dormann et al. 2007 ), but proved to be low between sites, with high inherent differences between nearby sites, and thus was not included in further analyses.
Dormouse population trends and change from 1993 to 2014 were analysed with Generalised Additive Models (GAMs), similar to the technique proposed by Fewster et al. (2000) for the analysis of farmland bird populations, and employed regularly in assessing population trend data (Benton et al. 2002 , Buckland et al. 2005 , Butchart et al. 2010 , Craigie et al. 2010 . All GAMs were run in the R statistical programme using the mgcv package (Wood 2011) . Each consecutive year was represented as a change relative to the first year of survey, here taken as 1993. The models were run with a negative-binomial error structure with a log link, as the data were overdispersed and this produced the best-fitting models. Zero-inflated models did not improve model fit when compared in a mixed-model framework, so a negative-binomial error structure adequately accounted for overdispersion (Fleming et al. 1993 , Barry & Welsh 2002 . Site was included as a fixed effect to take account of site-specific effects on abundance. The number of boxes was included as an offset variable to take account of the different level of survey effort in surveys. Changes in the number of adult dormice on site over time were examined by incorporating calendar year into the model as a smoothing term, thus allowing the relationship to vary nonparametrically, via a smoothing function formulated by penalised regression splines (Hastie & Tibshirani 1990 , Wood & Augustin 2002 . The level of smoothing was determined by a qualitative assessment of the point at which a long-term population signal was produced (as proposed by Fewster et al. 2000) . This was also verified by running the model without constraining the degrees of freedom and using a Generalised Cross Validation method of smoothness selection in order to verify that the level of smoothing was not excessive (Wood 2008) ; 95% Confidence intervals around the trend were produced through bootstrapping at the site level with replacement.
Using this modelling approach, we investigated whether trends differed for sites that had experienced different levels of survey effort. For adult counts, models were fitted to data that included an interaction term within the smoothing term for sites that had been surveyed with different levels of effort. The effect of these terms was investigated by comparing the change in deviance with the term in the model to the null model. This is a valid approach, as degrees of freedom are not penalised within the models. This model was run looking at two categories of sites: those that had been surveyed for 15 years or less (n = 352 sites) and those that had been surveyed for 16 to 22 years (n = 48 sites) with a representation of at least 11 sites in each year. Due to the lack of representation of sites surveyed for short periods in early years, these categories were deemed appropriate. Similarly, a model was fitted for sites that had been surveyed with a different number of boxes: 50 boxes and under (n = 7931 site visits); 51-99 boxes (n = 4299 site visits); and over 100 boxes (n = 2597 site visits). Each of these groups was represented by at least 30 site visits in each year. Month of survey was also included as an interaction factor within the smoother in the model to assess whether there was a different pattern of decline between different months (n ranged from 2191 to 2763 site visits in the 6 months).
There were too few sites represented in each region in the early years of the Programme, so regions were grouped to investigate whether sites in the Eastern regions and Western regions (according to European Union regions) exhibited different trends. Sites in Northern regions were excluded from this regional analysis, as they were too small a sample (Fig. 1) .
Our analyses then focused on the effect of survey artefacts on the apparent trends. It is possible that the dormouse numbers on a site are affected by the length of time that site had been surveyed due to factors that might change with the progression of a survey, as explained above, such as increased survey knowledge or simultaneous habitat change. The year of survey for each site was therefore included as a smoothed term in a GAM that also included calendar year as a smoothed term, site as a factor and an offset for the number of nest boxes to see whether the length of survey influenced dormouse abundance on sites.
In order to investigate whether spurious population trends might have resulted from sites of varying quality entering the Programme at different points, a two-stage analysis was conducted. As this analysis was focused on the site level, only data from sites that had been surveyed for over 5 years (n = 300 sites) were included to ensure each site had been surveyed for sufficiently long that some trend could be revealed. First, a GAM, as described above, was fitted to adult dormouse abundance with calendar year as a smoothed term, site as a factor and an offset for the number of nest boxes on site. Next, the intercepts for each site (the Dormouse Abundance Index for each site) were extracted from this model (and anti-logged), and the distribution of site indices examined. A generalised linear model was fitted to look at the relationship between the year the sites were added to the Programme and their indices. A weighting of 1/standard error of each Dormouse Abundance Index was added to this model in order to compensate for the variable number of years for which each site had been monitored.
A similar generalised linear model was then used to look at the different trends on sites by including an Decline in dormouse populations C. E. D. Goodwin et al. interaction term in the model between site and year (n = 295 sites). The slope coefficient for each site was extracted (and anti-logged) to produce a Dormouse Trend Index (representing the mean annual change in dormouse numbers on sites, relative to an index of one the previous year; i.e. 0.5 signifies a 50% decline in dormice numbers each year and 1.5 represents a 50% increase). The distribution of trends on sites was then examined. This was also analysed in relation to the year the site was added to the Programme. A weighting of 1/standard error of each Dormouse Trend Index was added to this model.
Because IUCN Red List category criteria are based on population change over 10-year periods, we examined the effect on the estimated decline of looking at a sliding window of 10 years. The overall population trend over 22 years was divided into 13 consecutive 10-year windows. This was done in order to capture the change over 10 years within the context of the entire trend, and to reduce the influence of population estimates at the start and end of 10-year periods. Estimates of population change over 10 years were made based on the same GAM as described above for determining population trend. The change in population size at the end of the 10 years relative to the first year of the 10-year period was calculated for the 13 consecutive 10-year sliding window time-frames, starting with 1993 to 2002 and finishing with 2005 to 2014. The 95% confidence intervals for these changes were calculated by taking the 95% quartiles from 1000 bootstrapped replicates of the same model.
RESULTS

Survey outcomes and coverage
From 1988 to 2014, 640 sites were monitored in the NDMP (Fig. 1) . From 1993 to 2014, the same 640 sites were monitored and more than one dormouse was recorded on 458 (72%) sites. The number of sites where more than one dormouse was found ranged from 33 in 1995 to 327 in 2013 (Table 1 ). The mean number of boxes used to survey for dormice on these 458 sites was 77.0 (±0.5 SE) and the mean length of time for which they had been surveyed was 7.6 years (±0.2 SE). Two hundred and eighteen sites were in Eastern regions, 233 sites in Western regions and seven sites were in Northern regions. On sites where more than one dormouse had been recorded, the mean number of adult dormice counted per site visit from 1993 to 2014 varied from a low of 2.2 (±0.1 SE) in 2013 to a peak of 8.8 (±1.0 SE) in 1995 (Table 1) .
Dormouse population change
Analysis of overall population change was based on 400 sites that had been surveyed for at least 2 years. Abundance Indices were based on 300 sites that had been surveyed for at least 5 years and the Trend indices were based on 295 sites where it was possible to estimate trend, i.e. five sites had zero counts in all but 1 year.
Hazel dormouse counts in nest boxes declined by 72% (95% confidence limits: 62-79% decline) from 1993 to 2014 ( Fig. 2; Table 2 ). This represents an annual mean rate of decline of 5.8% (95% confidence limits: 4.5-7.1% decline). These declines are statistically significant at all stages (divided equally into three periods) of the scheme, although the most marked decline occurred in the early part of the monitoring Programme, from 1993 to 2000.
Declines are ongoing and there was a decline of 47% (95% confidence limits: 39-55% decline) in the 10-year period from 2005 to 2014. All of the thirteen 10-year sliding window time-frames revealed central estimates of decline of between 33 and 48% over 10 years, indicating that the dormouse population was declining at a similar rate throughout the lifetime of the Programme (Fig. 3) . The confidence intervals overlapped for all pairwise comparisons between 10-year time-frames, revealing a consistent picture of sustained decline. Of the thirteen windows, eight showed declines that were not significantly different from 50%.
The mean Dormouse Abundance Index per box was 0.052 (±0.003 SE), i.e. 5.2 (±0.3 SE) adult dormice per 100 nest boxes checked. The distribution of the Dormouse Abundance Index in sites is skewed to the left and shows a large number of sites with a comparatively small number of dormice; 61% of sites have <5 dormice per 100 boxes while 14% of sites have >10 dormice per 100 boxes (Fig. 4) .
The Dormouse Trend Index shows a predominance of sites where dormice are decreasing (Fig. 4) . The mean Dormouse Trend Index on sites is 0.95 (±0.01 SE). There are many sites where dormice are decreasing markedly; on 35% of sites, the Trend Index is <0.9. By contrast, the Trend Index is >1.1 on 15% of sites (Fig. 4) .
Effect of survey effort
Sites that had been surveyed for 2-15 years did not exhibit significantly different trends to those that had been Sites in the Eastern regions showed significantly different trends to those in the Western regions (X 2 analysis of deviance: 33.7 change in deviance on 7 d.f., P < 0.001).
Whilst populations in both the East and the West declined to roughly the same extent overall, sites in the Eastern regions experienced a steadier decline while sites in the Western regions exhibited some evidence of population stability between 2000 and 2005 (Table 2; Fig. 2 ).
The year of survey for each individual site did not explain a significant amount of variation in the data when included in the model (X 2 analysis of deviance: 2.7 change in deviance on 5.7 d.f.). Therefore, the dormouse count on sites was not related to the length of time for which a site had been surveyed. Table 2 . Percentage change in dormouse counts from the UK National Dormouse Monitoring Programme. Changes over the whole period and in three equal time-spans of 8 years are shown. Estimates are calculated by generalised additive modelling, with a smooth term for year with seven degrees of freedom, of dormouse counts for all sites that were surveyed for at least 2 years from 1993 to 2014 in the months of May to October and had recorded more than one adult dormouse (sites n = 400; counts n = 14827); in the Eastern regions (sites n = 194; counts n = 7168); and Western regions (sites n = 199; counts n = 7213); 95% confidence Intervals are bootstrapped. In all cases, if the estimated change in counts is significantly different from zero at P < 0.05, it is denoted by*. 1993-2000 2000-2007 2007-2014 1993-2014 All Sites that were added into the NDMP later did not have significantly different Dormouse Abundance Indices (F 1, 299 = 0.11, P = 0.75) or Trend Indices (F 1, 294 = 0.44, P = 0.51) when compared to those added earlier in the Programme.
DISCUSSION
The UK hazel dormouse population, as measured by counts in nest boxes undertaken by the National Dormouse Monitoring Programme, declined by 72% (62-79%) in the 22 years from 1993 to 2014, equivalent to a mean annual rate of decline of 5.8% (4.5-7.1%). Our analyses suggest that these declines in dormouse counts are a real trend and not an artefact of survey characteristics and so this apparent population decline cannot be ascribed to changes in monitoring.
Under IUCN Red List category criteria, a population size reduction of at least 30% within the last 10-year period, where the causes of reduction may not have ceased or may not be understood or may not be reversible, results in a classification of Vulnerable, and declines of at least 50% within the last 10-year period results in an Endangered classification (category A2a; Anonymous 2012). Here, using a robust and direct monitoring approach, we have demonstrated that the observed declines in dormouse populations at a national level lie between Vulnerable and Endangered levels (Fig. 3) . The difficulty in selecting categories of conservation threat reveals the problems inherent in capturing uncertainty when using a discrete threshold. In order to take a precautionary approach, some authors have proposed taking the lower confidence limits for estimates of population change (Clements et al. 2011 ); according to this approach, the hazel dormouse would be classified as Endangered in the UK, based on the most recent 10-year period. This method is, however, heavily influenced by the quantity of data available (Possingham et al. 2002 , McInerny et al. 2006 , Duffy et al. 2009 ), illustrated by the fact that the confidence intervals for population change are much wider in the earlier 10-year windows when fewer data are available. In the three most recent 10-year windows where confidence intervals are narrower, even upper confidence intervals indicate a decline of at least 30%, thus a Red List category of at least Vulnerable is well supported.
While conservation classification, and the IUCN Red List in particular, is an important and useful system for describing relative levels of threat and prompting action, such classification systems require further validation to ensure that they do not miss important details of a population's trajectory that might clarify its status (Possingham et al. 2002 , Rodrigues et al. 2006 ). Assessing population decline as a continuum can confirm that the time-period for classification of population decline is appropriate and the rates of decline do not vary markedly. Although some correlation in decline rates will be due to the smoothing method across years, as evidenced by the smoothed relationship between population change estimates across consecutive 10-year periods, the estimates across all time-periods are relatively consistent. Fluctuation in the extent of decline could be due to noise in the data or induced by population processes such as density dependence , D'Eon-Eggertson et al. 2015 , Holmes 2016 . This confirms that fluctuations in population size have a larger influence when looking at population change over shorter time-frames, and longer stretches of population data give more reliable long-term trends (Oates 2006) . The 10-year period for assessment of dormouse conservation status is therefore not completely effective in capturing long-term population change. It does give reasonably consistent levels of decline, however, and so is adequate at reflecting general trends.
Even considering the range of population decline estimates, this current level of population reduction in hazel dormice is worse than originally supposed, as the declines revealed here are steeper than those upon which the UK Species Action Plan for the hazel dormouse is based. This plan is based on inference of decline of 52% in dormouse numbers over a 25-year period, but was drawn from a shorter time series of 9 years and from a smaller sample of sites (Sanderson 2004 , Anonymous 2010 . The dormouse's decline in abundance should also be considered alongside the species' apparent contraction in range in the UK over the last century (Hurrell & McIntosh 1984 , Bright 1996 , Bright & Morris 1996 , which provides further evidence for the species' unfavourable conservation status.
The fact that there was nothing integral to the conduct of the survey that affected the estimates of dormouse populations on sites validates the ongoing use of the NDMP in this context. This will allow the Programme's organisers to be more flexible in accepting sites that are surveyed for shorter lengths of time, and could encourage volunteers to survey in areas where dormice are less abundant, increasing coverage of the Programme over different regions and habitat-types (Roy et al. 2007) . It also negates any concern that as more information is gathered on the species' distribution and habitat preferences, surveyors will change their monitoring approach to increase their chances of detecting dormice (Gervasi et al. 2014) . Yearly trends do not differ between months, showing that there is nothing about the behaviour of populations in different months that would alter the interpretation of population change. This further increases the resilience of the Programme to variable survey strategies on sites, and allows as much data as possible to contribute towards our knowledge of trends (Dennis et al. 2013) .
The NDMP generates rich data. It is the most reliable and direct method of observing and measuring the UK dormouse population, and we have shown that some obvious potential sources of bias do not affect the observed trends. Some potential caveats of this survey method nevertheless remain. There is a chance that dormice counted in nest boxes are not representative of the wider population. It has been found that in a single survey and over a short time-frame of 1-2 months, nest boxes detected about a third of the population that could be detected by trapping (Trout et al. 2012 , Vogel et al. 2012 ). However, we have only included sites that have been surveyed for more than 2 years, and so are more likely to have a reliable index of population size (Mills et al. 2016) . A radiotracking study showed that 85% of the nest sites used by 34 dormice were nest boxes (Bright & Morris 1991) , which suggests that dormice detected in nest boxes comprise a high proportion of the population. Some genetic studies have shown that there can be a relatively high number of unsampled individuals (Naim et al. 2011 ) and mean temperature has also been shown to affect detection probability (Mortelliti et al. 2014 ). Juškaitis (2006) found, however, that all dormice surveyed by trapping are also found in nest boxes over longer time-frames of several years. This supports the idea that most individuals over time will use nest boxes, which do not therefore subsample a specific section of the population, but instead represent a reliable indicator of the wider population size. Additionally, the number of nest boxes used on sites was shown not to affect the interpretation of population change. Therefore, a threshold number of nest boxes is not required to represent the population accurately, making the Programme robust to variable survey effort by volunteers (Rovero et al. 2015) . If there is some difference, however, in detectability through the use of nest boxes across sites, it is possible that they do not accurately represent the real population, or population trend, in a local area (Watkins et al. 2010) . Beyond numbers of boxes per site, data on the density of nest boxes are not readily available, and this has been shown to affect population estimates as Decline in dormouse populations C. E. D. Goodwin et al. increasing nest box density increases nest site availability and thus the carrying capacity of the site (Juškaitis 2005 (Juškaitis , 2006 . Similarly, nest boxes can misrepresent true population status and trends by affecting the dynamics of the population itself, such as by reducing predation or parasitism and thus increasing survival (Møller 1989 ). Nest box density or the effects of nest boxes on the population, however, are extremely unlikely to have changed systematically in all sites as the Programme progressed, and indeed, we have shown that the length of survey did not affect population indices. While it is very unlikely, therefore, that these factors would have led to bias in observed trends, an assessment of whether they could generate systematic error may be desirable.
We have shown that apparent population declines were not generated by changes in survey characteristics within the NDMP. Consistent biases in the selection of sites for entry into the Programme could, however, mean that trends on monitored sites might not represent trends on all sites inhabited by dormice. It is conceivable that sites with nest box monitoring would prioritise dormouse conservation to a greater extent than sites where managers had not been motivated to implement monitoring. Considering this, an examination of occupancy at sites that have historical records of dormouse presence or a more systematic assessment of presence and absence at randomly selected sites could complement this approach (Becker & Encarnacão 2015) .
Alternatively, it is possible that the declines seen here may be particularly marked, precisely because dormice are monitored at these sites, due to a sense that habitat on these sites must be preserved or more carefully managed (Bright & Morris 1990 , White 2012 , Sozio et al. 2016 because of the valued inhabitants. Although counterintuitive, these concerns may have led to a situation where, at sites where dormouse conservation is a priority, dormice might be faring particularly badly. In this scenario, the true UK trend in hazel dormouse populations may not be as bad as represented here.
Taking the measures reported here at face value, the reasons behind these national declines in dormouse counts have been little explored. The most prominent potential driving factors are habitat loss and change, and changing climatic conditions. Dormice are generally associated with high-diversity woodland with a well-developed understorey (Bright & Morris 1990 , Juškaitis & Siozinyte 2008 . A change in the prevalence or quality of this habitat, as has been shown to occur in ageing woodland (Bright & Morris 1990 , Berg 1996 , Sozio et al. 2016 , would result in dormouse population declines. These effects are likely to be nonlinear, as small populations in unsuitable habitat patches are susceptible to extinction through stochastic effects, such as poor recruitment due to unfavourable weather (Bright & Morris 1996) . Additionally, landscape structure has been shown in multiple studies to have a strong influence on the occurrence of dormice, as increased fragmentation of habitat will reduce the ability of dormice to re-colonise areas where they have undergone local extinction (Bright et al. 1994 , Mortelliti et al. 2011 , 2014 , Wuttke et al. 2012 . Changing and more variable climate has also been found to have an influence on dormouse populations, through reduced survival during hibernation and reduced summer food availability (Bright 1996) . Additional explorations of the demographic reasons behind population change dynamics would aid understanding of the causes of decline, especially at the edge of the dormouse range, in areas such as the UK, where climate may be more variable and habitat more fragmented (Bieber et al. 2012 , Juškaitis 2014 , Mortelliti et al. 2014 , Harris et al. 2015 . Further investigation is needed into the potential causes of decline, particularly looking at multiple drivers simultaneously to assess their relative importance.
Since dormice are reliant on the quality of certain woodland habitats, these declines might be symptomatic of wider habitat changes that will impact other species that rely on successional, diverse woodland and traditional management practices. Some woodland birds and butterflies, for example, rely on a mosaic of forest stands of different ages (Fuller & Gill 2001 , Fartmann et al. 2013 , and have been shown to be similarly impacted by changes in management (Fuller et al. 2007 ). Dormice have already been shown to act as a suitable habitat indicator species for other small mammals (Mortelliti et al. 2009) . Similarly, these declines may act as an indicator of climate pressures on other hibernating species, or species that have a strong reliance on climatic cues. The dormouse's changing population status supports the case for its use as a conservation flagship and surrogate for species that are sensitive to similar changes. However, inconsistency in the efficacy of surrogate species highlights that these effects need to be validated rather than assumed (Branton & Richardson 2010 , Cushman et al. 2010 . We have determined a validated level of decline in hazel dormouse populations. It is more complicated to translate this decline into a conservation category based on the IUCN Red List criteria. While the conservation category based on the average 10-year decline would be Vulnerable, the uncertainty around estimates and the fact that the time-frame for classification does not always reflect the long-term trends, suggests that the status of hazel dormice in the UK approaches Endangered. We suggest that the wider context, of ongoing, marked decline, range contraction, and poorly understood and potentially ongoing causes of decline should also be considered in determining the national conservation category for this species. The decline in hazel dormice is particularly concerning given the attention and conservation measures this species receives, and emphasises the need to strengthen our understanding of what is driving decline in hazel dormousce numbers in the UK.
